Objective: To report the patterns and causes of neonatal death from a tertiary care neonatal intensive care unit over a period of four years. Methods: This is a retrospective cohort study where four years data ( January 2006 -December 2009) of all inborn neonatal admissions and deaths were collected from the neonatal intensive care unit at Sultan Qaboos University hospital on predesigned forms. All out born admissions and deaths were excluded. The causes of neonatal death were classified using Wigglesworth's classification. Results: The number of inborn live births during the study period was 10064 and the total number of inborn neonatal admissions was 1475. The total deaths (neonatal and post neonatal) at the neonatal intensive care unit was 73 (63 inborn and 10 out born). Among the inborn, five deaths were post neonatal deaths and hence, excluded from analysis. Among the remaining inborn neonatal deaths (n=58), 34 (59%) were males and 24 (41%) were females. The number of neonatal admissions increased over the years during the study period from 248 to 356, while the number of deaths also increased from 10 deaths in 2006, to 20 deaths in 2009. The primary causes of neonatal deaths were prematurity and its complications 52% (n=30). Lethal congenital malformations lead to 17 (29%) newborn deaths, specific diagnosis in 7 newborns (12%), and birth asphyxia in four (7%) of cases. Conclusion: There was an increasing trend of neonatal admissions and deaths among inborn babies. Prematurity, with sepsis as its major complication and congenital malformations were the leading cause of neonatal mortality.
Introduction
The Sultanate of Oman has experienced economic growth which was accompanied with improvement in many health indicators, including infant mortality rate. There are few studies that have described the neonatal mortality rates in Oman. The country has achieved a significant reduction in under-five mortality and infant mortality figures over the past two decades, which may be attributed to high standards of preventive and curative maternal and child health. 1 According to the UNICEF registry on the level and trends in child mortality, neonatal mortality rates have tremendously dropped from a value of 22/1000 in 1990, to a minimum value of 6/1000 in 2010 in Oman. 2 Similar reports from other gulf countries including Saudi Arabia and Qatar revealed neonatal mortality rate of 12/1000 and 5.1/1000, respectively. 3, 4 Earlier assessments by the World Health Organization have highlighted that about 25% of countries are on track towards reaching the Millennium Development Goal 4 (MDG 4), which calls for a two-thirds reduction in mortality of children under the age of 5 years between 1990 and 2015. 5 Since the adoption of the MDG 4 policies by all United Nations member states in the year 2000, it is essential to determine whether there are any indications towards those goals. Since the etiological pattern of neonatal deaths in Oman has not been previously reported, this study was conducted specifically for that purpose.
The aim of this study, therefore, is to define the neonatal mortality rate and the relative importance of various causes of death among neonates who were admitted at the neonatal intensive care unit (NICU) and to compare the findings with other neighboring countries.
Methods
This was a retrospective, analytic and descriptive study of all inborn births and neonatal deaths at Sultan Qaboos University hospital (SQUH) over a four-year period ( January 2006-December 2009). The hospital has an obstetric unit, but also accepts high risk deliveries from other health institutes in the region. The newborn service operates as a referral neonatal intensive care unit for other areas in the county. Data was collected on predesigned and approved data collection forms from the admissions and discharge registers at the NICU. The total number of live births was obtained from the Department of Obstetrics and Gynecology. Neonatal deaths Mohamed Abdellatif, Abeer Al Battashi, Masood Ahmed, Maria Flordeliz Bataclan, Ashfaq Ahmed Khan, and Abdullah Al Maniri were thoroughly discussed at the level of the unit, department and hospital mortality committee meetings as part of the morbidity and mortality studies carried out weekly by the hospital.
Wigglesworth classification was used to classify causes of neonatal deaths into the following five groups: still birth, congenital malformations, prematurity and its complications, asphyxia, and specific diagnosis. 6 Data are expressed as rates (per 1000) and proportion of cases (%). Early neonatal death (END) is defined as death that occurs in up to six completed days following birth. Late neonatal death (LND) was defined as deaths between 7 and 27 days, while post-neonatal death (PND) was defined as death after 27 days of life until the age of 1 year. 7 All out born and PND deaths were excluded from the study, thus only neonates born at SQUH obstetrics unit were included. Mortality among inborn neonates was paid particular attention because the mortality rate is a calculation of the rate of deaths among live births within the tertiary centre.
Data was analyzed using the SPSS program. The chi-square test, t-test, and one way ANOVA were used to determine the trend. The level of p<0.05 was considered as the cutoff value for significance.
Results
The number of inborn live births during the study period was 10064, out of which 1235 were admitted to the NICU. During the same period, there had been 240 out born NICU admissions that were excluded from the study. Inborn babies were only been included to calculate the neonatal mortality rate. The total number of deaths during the study period was 73, out of which 10 were out born neonates who were excluded. Of the remaining 63 deaths, five cases of PND (9%) were excluded from the study, giving the remaining total of 58 inborn neonatal deaths. There was also a decreasing trend in the mortality rate in the last year, despite the increase in admissions to the unit. The overall neonatal mortality rate over the four years was 6/1000 (n=58), early neonatal mortality rate 4/1000 (n=42), and late neonatal mortality rate was 2/1000 (n=16).
Prematurity with its complications was the major cause of neonatal mortality. Of the 30 premature babies that died, 13 (43%) neonates were born at less than 26 weeks of gestation. The majority of deaths in this group were noted in babies less than one kilogram, which constituted 23 (77%) out of the total number of premature neonatal deaths. The major cause of death in this group was neonatal sepsis accounting for 12 (40%) cases of deaths. (Table 1 ) Furthermore, the number of deaths was found to be higher at lower gestational ages (p<0.001), as shown in Fig. 2 . The difference between the groups of premature neonates, in terms of complications of prematurity was not particularly significant (using one-way ANOVA; p=0.137). The sex distribution showed that 34 (59%) were males and 24 (41%) were females, and of the total number of the male neonatal deaths, 16 (47%) neonates died due to prematurity and its complications, 11 (32%) of died as a result of multiple congenital anomalies, 3 (9%) died due to birth asphyxia, and 5 (15%) died due to a specific diagnosis. On the other hand, of the 24 female neonates, 12 (50%) died due to prematurity and its complications, 6 (25%) died due to lethal congenital malformations, 3 (13%) died due to a specific diagnosis, and 1 (4%) died due to birth asphyxia.
Among the five cases of PND, three infants died due to lethal congenital malformations (including trisomy 18), one died due to grade IV intraventricular hemorrhage, and one due to sepsis. Out of the ten out-born babies, 50% died due to lethal congenital malformations. This reflects the high risk referrals from other hospitals due to prenatal diagnosis by way of ultrasound. 
Discussion
Neonatal mortality is a reliable index for evaluating the overall progress of neonatal and perinatal care in a community, which is a valuable indicator of the standard of a country' s educational, social and community health system, the nutritional status of the population and the national medical programs in obstetrics and neonatal care. 8 The countries of the Gulf Cooperation Council (GCC), which include Oman have made an outstanding success in improving the neonatal mortality rate in the last two decades. 9 In this study, the distribution and causes of death during the neonatal period from admission to the NICU at SQUH was grouped according to the Wigglesworth' s classification. According to this study, the two leading causes of neonatal deaths were prematurity (52%) and congenital anomalies (29%), which is similar to reports from other neighboring countries in the Middle East, [10] [11] [12] [13] and Western countries where a study from the United Kingdom confirmed that the commonest causes of neonatal death were prematurity (39%), followed by congenital anomalies (28%) and intrapartum hypoxia (13%). 14 Among the premature neonates, 63% of the deaths occurred in babies of less than 28 weeks gestational age. Sepsis was the leading cause of death among the premature neonates, all of whom died due to gram negative sepsis. In fact sepsis has been reported to be one of the major causes of neonatal death in some of the gulf countries but not in developed countries, 15, 16 with gram-negative organisms attributed to be the leading causative agents in neonatal sepsis in developing countries. 17, 18 Gram-positive organisms, particularly group B streptococcus (GBS), have been reported to be the predominant organism in North America. 18 This might be due to the fact that 25% of pregnant women in the West are colonized with GBS. 18 There are no established reports about the nature of the inhabitants of the genitourinary and gastrointestinal tracts of pregnant women in Oman. Death due to neonatal sepsis alone occurred in 12 (38%) cases, a figure which may be considered to be comparatively higher than those for other causes of neonatal mortality in the category of premature babies. This indicates the need for strict infection control guidelines. Data from the National Institute of Child Health and Human Developmentsponsored "Neonatal Network" indicated that neonatal sepsis can be responsible for almost 50% of late neonatal death. 19 Furthermore, as shown in Fig. 2 , respiratory distress syndrome/hyaline membrane disease (HMD), was evident to be the commonest cause of death among the neonates who were born at 22 to 25 weeks of gestation. HMD resulted in the deaths of 7 (23%) of the premature neonates. HMD was a major cause of mortality and morbidity in pre-term neonates during the presurfactant era (before mid 1990s). However, with the liberal use of antenatal steroids and postnatal surfactant therapy, this has now become a rarity. Also, pulmonary hemorrhage resulted in 6 (20%) deaths, making necrotizing enterocolitis the least common cause of death in premature babies, resulting in 1 (3%) death only. Never to underestimate, necrotizing enterocolitis is a serious complication of prematurity which is difficult to manage, placing the patient' s life in great jeopardy.
In this study, 17 inborn babies died due to lethal congenital malformations, the commonest cause was found to be multiple dysmorphic features, which did not have a definite diagnosis in spite of extensive investigations. The second most common cause in the same group was inborn errors of metabolism (5 neonates), of which four cases died due to organic acidemia. The most common chromosomal anomalies were trisomy 18 in three patients, and trisomy 21 in one neonate. The rest were due to renal anomalies resulting in Potter' s syndrome.
The fact that lethal congenital malformation was the second commonest cause of death could be explained partially by the high degree of consanguineous marriages in Oman. Consanguineous marriage is significantly associated with congenital malformation. 20 Published data from the Sultanate of Oman revealed that congenital malformations compose a major cause of mortality, morbidity and chronic handicap. 21, 22 The outline and prevalence of congenital anomalies may differ over time or geographical location, thereby reflecting a complex interaction of known and unknown genetic and environmental factors including sociocultural, racial and ethnic variables. 23 Accurate quantification of congenital anomalies within a given population is essential for estimating their burden and documenting the need for prevention. 24 Thereby a thorough critical investigation is essential to establish the likely hereditary, socio-demographic and socioenvironmental factors underlying the different types of congenital malformations encountered. Though the importance of timely, accurate and specific diagnosis of congenital malformations in the newborn period to optimize outcome has been emphasized, it has also been stressed that a specific diagnosis may not be reached for 30% to 60% of infants with malformations and that diagnosis is not always apparent in the newborn period. 23 Birth asphyxia has been attributed to be the cause of death in 4 (7%) neonates, of whom all were inborn neonates. Even though birth asphyxia was not a major problem in Oman, it has been reported to be the primary cause of death in other developed countries. 3, 25 This indicates a good progress in the quality of the perinatal care services, and the significance of intrapartum fetal monitoring, as well as the modes of delivery and the availability of trained personnel in Oman. In addition, 7 (12%) deaths were due to specific diagnoses, which included the following conditions: Dandy Walker, primary microcephaly and Intestinal obstruction/perforation, term baby with necrotizing enterocolitis, arthrogryposis multiplex, skeletal dysplasia, and congenital lymphangiectasia.
The overall morality was higher among male infants during the study period. It is well acknowledged that mortality rates for boys in the early neonatal period are higher than those for girls. 26 Prematurity and its complications was the leading cause of deaths among neonates admitted to the NICU at SQUH with neonatal sepsis being the primary cause of death in premature infants, thus indicating that strict infection guidelines need to be implemented.
A good statistical background concerning neonatal mortality is required for mounting a reliable plan for the rapid identification and management of neonatal morbidities. The data should preferably be based on entire population surveillance. However, whatever statistics available are only hospital-based. In spite of such a restriction, the hospital-based statistics can still be valuable in indicating the pattern of neonatal morbidity and mortality in a given population. The evaluation of the outcome of the newborns at a given institution gives very helpful information on the performance of their perinatal and neonatal services.
This study has shown that there is an annual increment in the total number of neonatal admissions to the NICU, from 2006 to 2009, which indicates the increase in demand for perinatal and neonatal services at SQUH (Fig. 1 ). This has also been reflected by the increase in neonatal mortality rates. This can be attributed to the increasing rate of high risk obstetric case referrals from other hospitals and the presence of qualified perinatologists who joined lately. The fetomaternal unit and assisted reproduction were started around 2005, which resulted in a steady increase in the number of preterm and multiple births, and high risk obstetric referrals to NICU. The obstetric unit at SQUH is considered to be one of the two main high-risk referral centers for deliveries in Oman, the other is in Royal Hospital. There are other facilities that operate at Levels 2 and 3 in Oman. Therefore, the neonatal mortality data from SQUH does not represent the overall national neonatal data for the whole country.
A further addition to the study is to include the stillbirths at SQUH. Neonatal mortality data from other tertiary centres in Oman can be gathered to determine its pattern in the whole of Oman. Consistent published data on the pattern of neonatal mortality and the definite causes of death are sparse in Oman, which makes it difficult to calculate the precise mortality rates. Furthermore, civil registration data are incomplete to some degrees, and there are inconsistencies in defining reported standards.
Conclusion
The study aimed to stress the need to establish a database system in all central institutions in Oman. This will therefore help to oversee the healthcare development within the institutions and in the country as a whole.
